acinar area, area of the lumen, epithelial area, and the median (range) epithelial height, using computerized histomorphometric techniques.
RESULTS
The total area of the acini and the luminal area was statistically significantly greater in BPH. In normal and hyperplastic prostates, respectively, the total mean ( SD ) area (mm 2 ) of the acini was 0.041 (0.007) and 0.056 (0.016), of the lumen was 0.016 (0.003) and 0.036 (0.013), and of the epithelium was 0.025 (0.004) and 0.019 (0.003) (all P < 0.001). There was no statistically significant difference in the number of acini between controls and BPH. The area and the height of the acinar epithelium was statistically significantly greater in BPH; for epithelial height ( m m) in normal and BPH tissue, respectively the minimum height was 9.92 (1.67) and 6.45 (1.14), the maximum 54.38 (4.09) and 41.52 (4.51) and the median 27.89 (2.48) and 19.96 (2.20) (all P < 0.001).
CONCLUSIONS
There was no significant difference in the number of acini between control and BPH tissue, but the area and the height of the acinar epithelium was significantly lower in BPH.
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OBJECTIVE
To analyse quantitatively the acini and changes in the acinar epithelium and lumen in the transitional zone of normal and hyperplastic human prostates.
PATIENTS AND METHODS
Tissue samples of the transitional zone were taken from prostates with benign prostatic hyperplasia (BPH) obtained from 20 patients with clinical symptoms of bladder outlet obstruction who underwent open prostatectomy. The control tissue comprised 20 transitional zones of prostates obtained during autopsy of adults aged <30 years (killed in accidents). The following variables were measured; the number of acini, total
INTRODUCTION
The histological architecture of the human prostate is organized into two main components, the fibromuscular stroma and the glandular or epithelial component [1] . BPH is a hyperplastic process involving these components, which leads to major changes in prostatic organization [2] , resulting in the formation of nodules, which in >70% of cases are in the transition zone and compress the periurethral glands [3] . BPH is strongly associated with ageing, as histological evidence of BPH is present in ª 90% of men aged >80 years and is rare in men aged <50 years [4, 5] . Recently there has been increasing interest in minimally invasive therapies for BPH, the target of these therapies being the different histological prostatic elements [1, 6] . Further knowledge of these elements and the changes in BPH might contribute to understanding the genesis of this pathological condition, and help to choose better therapies, among the several alternatives available [1] .
Histomorphometry provides numerical objective data on the histological architecture and changes in structure [7] . There are few reports of the use of histomorphometric methods for analysing the different histological components in the human prostate [8] [9] [10] [11] [12] [5, 8, 12, 17] . Thus the present study aimed to determine and quantify changes in the acini of the hyperplastic prostate and compare it with the transitional zone acini of control tissues.
PATIENTS AND METHODS
Samples of prostatic tissue from the transition zone of prostates with BPH were collected from 20 men (mean age 73 years, range 63-79) who had not been previously treated for symptomatic BPH, and who underwent open prostatectomy (retropubic or transvesical). All patients presented symptoms of BOO and the analysis of surgical specimens confirmed the diagnosis of BPH with no focus of prostatic carcinoma.
The control samples comprised the transition zone of 20 prostates obtained from autopsies of young men (mean age 24 years, range 18-30) who died from causes unrelated to the urogenital system. To be sure that only the transitional zone was analysed, one fragment was taken from each side, close to the angle of the proximal urethra (verumontanum), as described previously [3] and elsewhere [12, 19] . The time elapsed between death and the fixation of the prostate was <6 h. The local committee on human research approved the study.
The prostatic tissue was obtained following the anatomical orientation proposed by McNeal [3] . The fragments were then analysed morphometrically by isotropic and random orthogonal triplet probe sections ('orthrip method') [21] , which consists of making the material uniformly isotropic by dividing the fragment three times consecutively; the first section is random, the second is orthogonal to the first and the third orthogonal to the second. This allows random sections to be obtained that are uniformly isotropic [7, 21] . The material was fixed in Bouin's solution, processed using routine histological methods, paraffin-embedded and sectioned at 5 m m. The samples were stained with haematoxylin and eosin (H&E), and examined by a pathologist to detect any focus of carcinoma and exclude inadequate samples with inflammation or cellular changes which could affect the results.
From each prostate five samples were randomly excised from the transition zone and from each sample five different sections were cut. The sections were then stained using Gomori trichrome and H&E. From each section, all acini of five different random fields were analysed and quantified, totalling 25 test areas in each prostate and 500 fields in each group (controls and BPH). The analysed images were obtained with at ¥ 40 using a video camera coupled to a light microscope. The images were converted to digital signals and transferred to a computer, where software was used (Image Pro-plus, Media Cybernetics, USA) to delineate the basal and luminal limits of the epithelium, providing data on epithelial height and area (Fig. 1A-C) . The morphometric features assessed were the delineation of the luminal surface of the acini, providing the total area of the lumen, and of the basal limit of the acini, providing the total acinar area From these two measurements the software was used to estimate the total area of the epithelium and the median (range) epithelial height.
The data were analysed using the Kolmogorov-Smirnov test to verify a normal distribution and groups compared using Student's t -test, with P < 0.05 considered to indicate statistically significant differences.
RESULTS
In the transition zone of the control group the acinar epithelium was composed of cuboid epithelial cells with a basal layer and a columnar apical layer. The epithelium projected inside the acinar lumen, with a papillary aspect (Fig. 1D) . In the BPH group the epithelium was reduced to low cuboid cells which did not project inside the lumen; the epithelial height was less and consequently the luminal area was greater and had a cystic aspect (Fig. 1E) . In the BPH group there were numerous eosinophilic granule (at the apex of the columnar cells) projecting inside the acinar lumen and condensed as prostatic concretions (corpora amylacea).
In all, 3743 acinar units were measured (morphometrically) in the control and 4317 in the BPH group (8060 acinar units in total), giving a mean number of acini evaluated in each prostate of 184 and 215, respectively; the mean number of acini per mm 2 between the groups was not significantly different (Table 1 ). The morphometric results of the acinar total, luminal and epithelial area in both groups are shown in Table 1 , with the median (range) epithelial heights; the minimum, maximum and median epithelial height was 35%, 24% and 28% less in the BPH samples than in the controls.
DISCUSSION
According to the 'orthrip method' for sectioning the samples, the prostate is cut into three or more sequential sections [21] , ensuring that they are random sections and uniformly isotropic for the histomorphometry of the acini. The use of a semiautomatic histomorphometric method with software support was useful in previous analyses of prostatic stroma and epithelium [12, 19] , and for evaluating the prostatic acini in the present study. The specimens were evaluated by bi-dimensional measurements (surface area) of all acinar units of the glandular prostatic component, in random histological fields from the transition zone.
Some of the changes in BPH are caused by ageing, but a comparison with prostates of young adults with no BPH might be useful for establishing the pattern of histomorphometric changes in BPH. In the present study we did not consider weight variations in BPH samples or in the total prostate. All patients providing samples had undergone open prostatectomy, which is indicated at our institution only for prostates of > 40 g. Some previous qualitative and quantitative studies of BPH did not consider that the prostate is a histologically heterogeneous organ [5, 18] and compared prostatic regions that have distinct morphological characteristics; this probably explains the variability in previously published data. The present analysis refers only to the transition zone. Although quantitative data previously published agree that the stroma is the major component involved in BPH [8, 11, 14, 19] , studies focusing on stromal growth did not refer to simultaneous or secondary changes in the number and form of the hyperplastic acini The present findings showed a significant decrease (24%) in the acinar epithelial area in BPH, and in epithelial height (Table 1) . These data appear to confirm that in BPH there are simultaneous changes in the stromal and glandular components [12, 16, 25] . In our previous report [12] , in eight patients with BPH there was a significant decrease in epithelial height, findings confirmed by the present study.
The present results (Table 1) did not refer specifically to the number of acinar units of the glandular component, which was not statistically significant between the groups and supports the possibility that the formation of new acini, if any, is minimal and occurs as consequence of BPH and/or ageing.
There was an increase of 125% in the area of the lumen in BPH; this increase is the result of a decrease in the epithelial area and a simultaneous increase in the total acinar volume. The luminal changes in BPH may be related to ductal obstruction secondary to enlargement of the hyperplastic nodules, which determines the secretory stasis and congestion. Consequently the area and height of the acinar epithelium was significantly greater in BPH. These variations are apparent in acinar BPH as cystic alterations secondary to obstruction [23] .
The decrease in epithelial area, with the cells becoming cuboid or even flattened in some acini, may be related to compression and may progress to significant atrophy of the glandular component [23] . The presence of prostatic concretions (corpora amylacea; Fig. 1C ) is probably a consequence of congestion and secretory stasis [24] . These concretions are present in most hyperplastic acini [6, 23, 24] . The cellular profile in the hyperplastic acini is similar to a regressive or atrophic process, and could lead to a condition of BPH with atrophy [6] . These data correspond with the obstructive symptoms and the age of the patients studied.
In conclusion, there was no statistically significant difference in the total number of acini between control and BPH tissues, suggesting no evidence for the formation of new acini. Nevertheless, the total area of the acini and the area of the lumen was significantly greater in BPH tissue.
